Topological matter is known to exhibit unconventional surface states and anomalous transport owing to unusual bulk electronic topology. In this study, we use photoemission spectroscopy and quantum transport to elucidate the topology of the room temperature magnet Co 2 MnGa. We observe sharp bulk Weyl fermion line dispersions indicative of nontrivial topological invariants present in the magnetic phase. On the surface of the magnet, we observe electronic wave functions that take the form of drumheads, enabling us to directly visualize the crucial components of the bulk-boundary topological correspondence. By considering the Berry curvature field associated with the observed topological Weyl fermion lines, we quantitatively account for the giant anomalous Hall response observed in our samples. Our experimental results suggest a rich interplay of strongly correlated electrons and topology in this quantum magnet.
7 the presence of spin-orbit coupling, is dominated by the topological line nodes (Fig. 4C ) 147 [28]. Next we integrate the Berry curvature up to a given binding energy to predict σ int AH 148 as a function of the Fermi level. Then we set the Fermi level from ARPES, predicting 149 σ int AH = 770 +130 −100 Ω −1 cm −1 (Fig. 4D ). This is in remarkable agreement with the value extracted 150 from transport, suggesting that the topological line nodes contribute significantly to the large 151 AHE in Co 2 MnGa.
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In summary, our ARPES and corresponding transport experiments, supported by ab 153 initio calculation, provide evidence for magnetic Weyl lines in the room-temperature ferro-154 magnet Co 2 MnGa. We further find that the Weyl lines give rise to drumhead surface states 155 and a large anomalous Hall response, providing the first demonstration of a topological 156 magnetic bulk-boundary correspondence with associated anomalous transport. Since there ‡ Electronic address: mzhasan@princeton.edu 212 [1] D. Castelvecchi, The strange topology that is reshaping physics. Nature 547, 272 (2017).
213
[2] B. Keimer, J. E. Moore, The physics of quantum materials. Nat. Phys. 13, 1045 Phys. 13, (2017 .
214
[3] D. N. Basov, R. D. Averitt, D. Hsieh, Towards properties on demand in quantum materials. 215 Nat. Mat. 16, 1077 Mat. 16, (2017 B 54, 11169 (1996) .
277
[36] G. Kresse, D. Joubert, From ultrasoft pseudopotentials to the projector augmented-wave 278 method. Phys. Rev. B 59, 1758 Rev. B 59, (1999 .
279
[37] J. P. Perdew, K. Burke, M. Ernzerhof, Generalized gradient approximation made simple. Phys.
280
Rev. Lett. 77, 3865 (1996) . 
Intensity (arb. units) where N is the number of valence electrons, N = 28 for Co 2 MnGa. We see a ferromagnetic 340 loop opening with coercive field ∼ 35 Oe (Fig. S3A, inset) . We observe that M S decreases slightly with increasing temperature (Fig. S3B ). An earlier work addressing the origin of 342 the ferromagnetic phase performed a first-principles calculation of exchange interaction 343 parameters in Co 2 MnGa and found that the leading contribution is provided by exchange 344 between 3d orbitals on nearest-neighbor Mn and Co sites, see Tables II and III in [38] .
345
This nearest-neighbor Mn-Co exchange was found in calculation to have a positive sign, 346 favoring ferromagnetic alignment. Next, we study the temperature dependent longitudinal 347 resistivity of our samples ρ xx (T ), with zero applied magnetic field (Fig. S4) . We measure We provide some additional background on the Hall measurements presented in maintext ordinary Hall coefficient R 0 = 2.76 × 10 −3 cm 3 /C at 2 K and 9.98 × 10 −5 cm 3 /C at 300 K.
358
The positive sign of R 0 suggests that the charge carriers in Co 2 MnGa are majority hole type 359 through the full temperature range. We estimate the carrier concentration as n = 1/(eR 0 ) 360 and the carrier mobility as µ = R 0 /ρ xx , where e is the electron charge, Fig. S5B .
contrast to main text Figs. 1,2, here we cut along the Weyl line. Sweeping in k y , we 421 see the conduction and valence bands approach (Fig. S13A-D) , touch each other at fixed 422 k L y = −0.03Å −1 along a finite range of k x (Fig. S13E ) and then move apart again ( Fig.   423 S13F-I). These parallel E B − k x cuts again suggest a line node dispersion.
425
Next, we perform a Lorentzian peak fitting of the blue Weyl line. We begin with the 426 E B − k x cuts discussed in main text Fig. 2 and we choose the energy distribution curve 427 (EDC) passing through the crossing point (Fig. S14 ). We fit these EDCs to the following 428 form,
We include two Lorentzian peaks L 1 (x) and L 2 (x), where the first peak corresponds to the 431 line node crossing LN, while the second peak corresponds to a deeper valence band VB' 432 which is useful for improving the fit. We also include the Fermi-Dirac distribution f (x) 433 and a constant offset C which we interpret as a background spectral weight approximately 434 constant within the energy range of the fit. We find a high-quality fit close toΓ ( Fig.   435 S14A-D) using a single LN peak. Away from the crossing point, the peaks are well-described 436 by a linear dispersion, further suggesting a band crossing ( Fig. S14C) . At k y = 0.45Å −1 , 437 we observe that the fit begins to deviate from the data, and at k y = 0.5Å −1 there is an 438 even more noticeable error ( Fig. S14E-H) . We speculate that this deviation may arise due tion is consistent with ab initio, which predicts that the blue Weyl line ends at k y = 0.5Å −1 .
449
Lastly, we take the results of our peak fitting and compare them with the calculated blue 450 line node dispersion. We plot the LN peak maxima and the standard deviation of the peak 451 positions, Fig. S15 . We ignore EDCs at k y > 0.45Å −1 because the plateau shape in the EDC 452 is poorly described by a single Lorentzian, as discussed above. We compare these numerical 453 fitting results with a first-principles calculation of the blue Weyl line dispersion, shifted 454 by 0.08 eV. We find a reasonable quantitative agreement between the fit and calculated 455 dispersion. Note that there is some expected contribution to the error from the ab initio 456 calculation as well as corrections to the Lorentzian fitting form. These results support our 457 observation of a line node in our ARPES spectra on Co 2 MnGa.
458
ARPES study of the yellow Weyl line 459 We can also observe signatures of yellow Weyl lines in our ARPES data, at incident 460 photon energy hν = 50. We can identify a candidate yellow Weyl line by comparing an 461 ARPES constant-energy surface and the projected nodal lines (Fig. S16A, B) . We reiterate 462 that there are two different ways in which the yellow Weyl lines can project on the (001) projections. Here we focus on the double yellow line node. We study constant-energy 468 surfaces at various binding energies ( Fig. S16C-E) and we observe the same < to > switch 469 that we discussed in the case of the blue Weyl line. We see similar behavior on an ab initio 470 constant energy surface ( Fig. S16I-K) . Note crucially that the electron-to-hole transition 471 occurs in the same direction in the ARPES spectra and calculation, suggesting that the 472 line node dispersion has the same slope in experiment and theory. This provides additional 473 evidence for the yellow Weyl line. Next we search for signatures of the yellow Weyl line on 474 a series of E B − k a cuts (green lines in Fig. S17G, H) . We observe the upper cone near the 475 center of the cut for k a closest toΓ (Fig. S17A) , corresponding to the yellow markers in analogous to main text Fig. 3G , but instead of cutting through the drumhead surface state, the EDC cuts through the yellow line node, at k || = 0.45Å −1 (dotted red line in E). We clearly observe the drumhead surface state in all cuts (orange arrows). Recall that the drumhead showed no photon energy dependence, suggesting that it is a surface state. Here, by contrast, we see a photon energy dependence (blue arrows in J), associated with the yellow Weyl line (cyan arrows in E, I), suggesting a k z dispersion for the yellow line node cone.
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In-plane dispersion of the drumhead surface state at hν = 35eV 
